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Introduction: K-Ca and Rb-Sr age determinations 
were made for a bulk feldspar-rich portion of an 
Apollo rock fragment of the pristine lunar granite clast 
(14321,1062), an acid-leached split of the sample, and 
the leachate. K-Ca and Rb-Sr data were also obtained 
for a whole rock sample of Apollo ferroan anorthosite 
(FAN, 15415). The recent detection [1] of widespread 
intermediate composition plagioclase indicates that the 
generation of a diversity of evolved lunar magmas 
maybe more common and therefore more important to 
our understanding of crust formation than previously 
believed. Our new data strengthen the K-Ca and Rb-Sr 
internal isochrons of the well-studied Apollo sample 
14321 [2], which along with a renewed effort to study 
evolved lunar magmas will provide an improved un- 
derstanding of the petrogenetic history of evolved 
rocks on the Moon. 

Methods: The lunar samples were spiked with 40 K- 
Ca and Rb- Sr mixed spikes prior to acid digestion. 
K+Rb, Sr and Ca were separated from each other using 
cation exchange columns (AG 50Wx8, 200-400 mesh). 
The K+Rb fractions were purified further using a sec- 
ond clean-up column to remove coeluants Mg and Fe. 
The Sr fractions were passed through a Sr-spec clean- 
up column. The chemical procedures for Ca collection 
reflect a combination of those described by [2] and [3]. 
Ion inhibition is a problem for the high K/Ca samples 
and the remaining Ca cuts will benefit from further 
purification and re-analyses. 

The new K, Ca, Rb, and Sr data were obtained on a 
Thermo Finnigan Triton TIMS instrument. Standard 
mass spectrometry procedures for Sr were used. Rb 
and K measurements were run sequentially on the 
same filament and Ca analyses follow methods devel- 
oped by [3]. The K abundances in samples were calcu- 
lated from their 40 K/ 41 K ratios, normalized to 39 K/ 41 K = 
13.9448. A mean 4(I K/ 4I K value of 0.001739±7 (2 sd, 
n=8) was obtained for the NBS985 K standard mixed 
with the Rb standard NBS984. The Ca abundances in 
samples were calculated from their 48 Ca/ 44 Ca ratios, 
normalized to 42 Ca/ 44 Ca = 0.31221 [4]. An average 
value of 40 Ca/ 44 Ca = 47.160+5 (2 sd, n=8) was ob- 
tained for SRM915a and used to correct the sample 
40 Ca/ 44 Ca values accordingly based on the UC Ber- 
keley value of 47.153 [3], cf. [5]. The Rb abundances 
in samples were calculated from the 87 Rb/ 85 Rb ratios, 
normalized to the average 85 Rb/ 87 Rb value of 
2.6036+77 (2 sd, n=9) for NBS984 mixed with the K 
standard. The Sr abundances in samples were calcu- 
lated from their 84 Sr/ 86 Sr ratios, normalized to 88 Sr/ 86 Sr 


= 8.37521 and corrected to 87 Sr/ 86 Sr = 0.710250, ac- 
cordingly based on the measured average 87 Sr/ 86 Sr 
value = 0.710238+10 (2 sd, n=10). Uncertainties of 
elemental concentrations largely reflect weighing er- 
rors for individual samples and uncertainty in spiking. 

Results: Granitic material processed in this study 
was derived from several small chips originally charac- 
terized by [6]. The initial sample handling was done 
and described by [2]. In order to increase the spread in 
the K-Ca and Rb-Sr isochrons reported by [2], we 
processed an additional 2.9 mg aliquant of the feld- 
spar-rich bulk rock (14321 FR), 4.15 mg of acid- 
washed residues of the sample (14321 FR.r), and a 0.7 
mg leachate derived from the washing (14321 FR.l). A 
split of 15415 was also characterized to allow direct 
comparison to the initial Ca and Sr compositions of 
pristine lunar highland rocks. 

New K-Ca data for a rock fragment and leachate 
along with previously reported data [2] for mineral 
separates and several fragments of the granite clast 
14321 are shown in Fig. 1. These data correspond to an 
isochron age of 4031+74 Ma (2 se, MSWD=0.24, n=7, 
for X( 4 °K)=0.5543 Ga" 1 ) with an initial 40 Ca/ 44 Ca = 
47.163+12 (2 se). This age is within error of the previ- 
ously reported K-Ca age of 4059+120 Ma (2 se, 
MSWD=0.07, n=5). Fig. 2 contains new Rb-Sr data 
that along with previously reported Rb-Sr data [7] col- 
lectively correspond to an isochron age of 4052+81 Ma 
(2 se, MSWD=1.3, n=8, for L( 87 Rb) = 0.01402 Ga 1 ) 
with a relatively imprecise initial 87 Sr/ 86 Sr = 0.702 1±65 
(2 se). This age is within error of the previously re- 
ported Rb-Sr age of 4055+110 Ma (2 se, MSWD=1.8, 
n=6). The primitive FAN 15415 yields a 40 Ca/ 44 Ca 
value of 47.145+6 (2 se) that is within error of the ini- 
tial value accepted for Earth and other differentiated 
planetary objects [3, 4], but slightly lower than the 
mean lunar value of 47.155+2 (2 se, n=7) reported by 
[2]. An estimate for the initial 87 Sr/ 86 Sr value of the 
ancient lunar highlands based on Apollo FAN sample 
15415 yields a value of 0.699251+10 that is consistent 
with the previously reported value of 0.69925 by ( 8 ). 

Discussion: Granite 14321 is one of the youngest 
and most evolved silicic rocks collected from the 
Moon (d). It has been dated previously by Sm-Nd, 
Ar/Ar (7), and U-Pb (zircon) methods ( 9 ). As expected 
the precision of the K-Ca and Rb-Sr ages has been 
improved. Both new ages are slightly younger than 
previously reported. These ages are now within error 
of the existing mean U-Pb zircon age (3965+50 Ma). 



The total release Ar/Ar age of a feldspar-enriched split 
of 14321 yields a slightly younger age of 3.88±0.03 Ga 
(2 se). The concordancy of K-Ca, Rb-Sr, Sm-Nd inter- 
nal isochrons and (now) the U-Pb model age strongly 
indicate that the granite formed -4000 Ma ago. The 
apparent Ar/Ar age suggests that it was brecciated and 
excavated from near the surface about 100 Ma later. 

The initial Ca isotopic ratio provides a constraint 
on the K/Ca ratio of the source of 14321 (Fig. 3). Us- 
ing the measured composition of 15415 (this study) or 
a combination of this and previous estimates for the 
initial 40 Ca/ 44 Ca of the Moon (2), a more precise esti- 
mate for K/Ca of -0.7 is determined. This value is sig- 
nificantly higher than previous estimates and largely 
due to the new low K/Ca 14321 FR.l datum near the 
origin in the K-Ca isochron (Fig. 1). This calculated 
mean K/Ca value is well above the upper range for the 
values (0.2-0. 3) found in known lunar quartz monzo- 
diorites, e.g., ( 10 ) and suggests that 14321 (that has an 
K/Ca value of -5) was probably generated from an 
earlier episode of intermediate magmatism. 
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Figure 1. K-Ca internal isochron for lunar granitic clast 
14321,1062. New feldspar-rich bulk and sample- 
leachate data (this study) are combined with two bulk 
samples and 3 color-sorted mineral separates (2). The 
isochron age and initial 40 Ca/ 44 Ca ratio are calculated 
using Isoplot (77). The error envelope represents the 
95% confidence interval of the regression. The bulk 


measurement of FAN 15415 is representative of primi- 
tive lunar highland rocks. 



Figure 2. Rb-Sr internal isochron for lunar granitic 
clast 14321,1062. Two new bulk samples (one that is 
acid- washed, 14321 FR.r) are combined with data from 
a bulk sample, 3 feldspar mineral separates and 2 mag- 
netic fractions (7). The isochron age and initial 
87 Sr/ 86 Sr ratio are calculated using Isoplot (77). The 
error envelope represents the 95% confidence interval 
of the regression. FAN 15415 plots off scale. 
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Figure 3. Plot of 40 Ca/ 44 Ca evolution against time. 
Growth curves are shown for basaltic (K/Ca=0.02), 
intermediate, and evolved (K/Ca>l) crustal sources. 
The initial 40 Ca/ 44 Ca composition of Apollo granite 
14321 when compared to primitive lunar crust (e.g., 
FAN 15415) indicates that it was derived from a rela- 
tively enriched source that has a K/Ca ratio (-0.7) that 
is equivalent to terrestrial andesite. 


